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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method for continu-
ously producing compressed-gas foam, in particular
compressed-air foam and a compressed gas foam sys-
tem, in particular a compressed-air foam system, notably
for extinguishing fire as well as a foaming chamber par-
ticularly adapted therefore.

BACKGROUND OF THE INVENTION

[0002] It is known in the art to fight fire with com-
pressed-air foam (CAF). Typically, a foaming agent is
added continuously to a water flow and the resulting flow
of the mixture of foam agent and water is supplied to a
foaming line or chamber which is also supplied with air
pressure so as to generate foam. The foam exiting the
foaming line or chamber passes through a rigid or flexible
pipe to a nozzle for ejecting the foam onto the fire. The
foaming line or chamber, also designated as a mixer or
a mixing chamber, is usually of a static type, alternatively
called motionless, i.e. without moving parts.
[0003] Compressed air foam systems (CAFS) may be
mobile e.g. when mounted on a fire-emergency vehicle.
They may also be fixed e.g. when used in fixed fire-se-
curity systems in tunnels for car and truck traffic.
[0004] Various technologies for producing CAF exist
which are often very different from each others.
[0005] A major problem for producing CAF is to control
in an appropriate way the water flow and the air flow
supplied to the mixing chamber so as to provide contin-
uously foam having adequate properties for fighting fire
and that remain stable over time. The problem arises due
to the fact that both the water and air supplied to the
mixing chamber and the physical conditions in the pipes
and nozzles for transporting and ejecting foam may vary.
In particular, the CAFS may be supplied with a water flow
the pressure and flow rate of which may vary over time
e.g. when using water pumps. Mobile systems may be
used with water sources such as hydrants available at
the spot of intervention and that can thus have different
pressure and flow rate characteristics. Further, the length
and diameter of the pipes connected to the outlet of the
mixing chamber, the type of nozzle connected at the end
of the pipe, the extent of elevation of the pipe, the number
of the pipes connected to the outlet of the mixing cham-
bers, among others, may vary and influence the working
conditions of the mixing chamber and thereby the foam
quality.
[0006] Therefore, complex systems and processes
are used for balancing the pressure of water and the
pressure of air supplied to the mixing chamber or for
adapting the pressure of air when the pressure of water
varies.
[0007] US-A-2004/0177975 discloses a CAFS com-
prising a system controller for controlling an air flow con-

trol valve depending on the signals provided by a water
flowmeter and an air flowmeter with a view of maintaining
a ratio of air flow to foam flow based upon the user ad-
justable ratio input.
[0008] WO 2006/000177 discloses a CAFS in which
compressed air is conducted into a foaming line via an
air pressure controller and an air volume flow rate control
valve. Further, produced CAF flows via a foam pressure
sensor and an electro-pneumatically operated valve, that
form a closed-loop control circuit for setting the foam con-
sistency and consequently the foam quality, to the foam
ejection device. Water is fed into the system via a water
pressure controller and is intermixed with a foaming
agent and an additive. The foaming agent-additive-water
mixture flows via a water volume flow rate control valve
and the foaming line into which compressed air is insert-
ed at preset pressure and volume flow rate parameters
via the air volume flow rate control valve. This document
mentions that the foam quality of the CAF spread using
a foam ejecting device depends on the flow rate and
therefore on the dwell time of the foam in the foaming
line and teaches to control it via the foam pressure de-
termined by a foam pressure sensor using the electro-
pneumatically operated valve (foam pressure control).
[0009] However, this document does not give any de-
tail on the way of controlling the different parameters, in
particular pressure, volume flow rate and speeds/dwell
time of air, water and foam so as to ensure that the mixing
chamber provides continuously foam of good quality for
extinguishing fire. Further, the closed-loop control may
be complicated to implement.
[0010] EP-A-1 632 272 discloses a CAFS for a tunnel
for car and truck traffic. This document does not deal with
the problem of optimizing the working conditions of the
mixing chamber, but with the problem of allowing ejection
of foam having a good quality despite the fact that foam
is transported over long pipes. Therefore, this document
teaches to set automatically the foam pressure to a given
pressure behind the mixing chamber in view of prevent-
ing the foam pressure to get below a determined value
at the foam-ejection device and providing thereby con-
sistent foam still having high extinguishing property. The
foam pressure behind the mixing chamber is obtained
with an adjustable cross section restriction of the pipe by
means of a valve controlled with respect to a pressure
sensor.
[0011] However, this document does not deal at all
with the problem of controlling the different parameters,
in particular pressure, volume flow rate and speeds/dwell
time of air, water and foam so as to ensure that the mixing
chamber provides continuously foam of good quality for
extinguishing fire.

SUMMARY OF THE INVENTION

[0012] The problem of the invention is to provide an
improved technology for continuously producing CAF, or
more generally compressed-gas foam, with a high and
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constant quality and which is simple to implement, nota-
bly for the purpose of extinguishing fire or decontamina-
tion of objects.
[0013] This object is achieved with a method as de-
fined in claim 1.
[0014] Preferred embodiments of the method com-
prise one or more of the following features;

- regulating the foam pressure at the outlet of the
foaming chamber for maintaining the foam mixing
pressure in the foaming chamber at a determined
value;

- providing the possibility to selectively adjust said de-
termined value;

- the self-operating valve is a pinch valve;
- the self-operating valve is adapted to regulate the

foam pressure at the outlet of the foaming chamber
with respect to a target air pressure applied to the
self-operating valve;

- using a pressure regulator and a volume flow rate
regulator for continuously supplying the mixture of
foam agent and liquid to the foaming chamber at a
first constant pressure and at a first constant volume
flow rate;

- using a pressure regulator and a volume flow rate
regulator for continuously supplying the compressed
gas to the foaming chamber at a second constant
pressure and at a second constant volume flow rate;

- setting the first volume flow rate for causing the su-
perficial velocity of the mixture of foam agent and
liquid in the foaming chamber to be at least 0.3 m/s,
and more preferably at least 2 m/s;

- setting the first volume flow rate for causing the flow
speed of the mixture of foam agent and liquid in the
mixing chamber to be not more than 3 m/s;

- setting the second volume flow rate for causing the
superficial velocity of the compressed-gas in the mix-
ing chamber to be at least 0.3 m/s, and more pref-
erably at least 2 m/s;

- setting the second volume flow rate for causing the
superficial velocity of the compressed-gas in the mix-
ing chamber to be not more than 3 m/s;

- setting the first and the second volume flow rates for
providing in the mixing chamber a relative gas speed
ratio greater than 0.3, more preferably greater than
or equal to 0.4; and still more preferably greater than
or equal to 0.5, but not more than 0.95, more pref-
erably not more than 0.8 and more advantageously
not more than 0.75;

- connecting one end of a pipe to the outlet of the foam-
ing chamber, the other end of the pipe being con-
nected to a foam-ejecting device, wherein the hy-
draulic cross section of the pipe is at least equal or
greater than the hydraulic cross section of the foam-
ing chamber.

[0015] According to another aspect, the invention pro-
poses a compressed gas foam system, in particular a

compressed air foam system, as defined in claim 14.
[0016] Preferred embodiments of the system comprise
one or more of the following features:

- a pressure regulator for continuously supplying the
mixture of foam agent and liquid to the foaming
chamber at a first constant pressure;

- a volume flow rate regulator for continuously supply-
ing the mixture of foam agent and liquid to the foam-
ing chamber at a first constant volume flow rate;

- a pressure regulator for continuously supplying the
compressed gas to the foaming chamber at a second
constant pressure;

- a volume flow rate regulator for continuously supply-
ing the compressed gas to the foaming chamber a
second constant volume flow rate;

- the self-operated valve is a pinch valve;
- a pipe connected to the outlet of the foaming cham-

ber, the other end of the pipe being connected to a
foam-ejecting device, wherein the hydraulic cross
section of the pipe is at least equal or greater than
the hydraulic cross section of the foaming chamber;

- the system is designed to implement the method ac-
cording to the invention.

[0017] Within the invention as previously defined, the
mentioned compressed gas can consist in a single gas,
but can also be a mixture of several different gases as
is the case for air. Similarly, within the invention, the men-
tioned liquid can consist in a single liquid, but can also
be a mixture of several different liquids.
[0018] Further features and advantages of the inven-
tion will appear from the following description of embod-
iments of the invention, given as non-limiting examples,
with reference to the accompanying drawings listed here-
under.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

Fig. 1 shows schematically a CAFS according to an
embodiment of the invention.
Fig. 2 shows schematically a foaming chamber suit-
able for the CAFS of Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0020] According to the invention, CAF is continuously
produced by supplying both water containing at least a
foaming agent and compressed air to a foaming chamber
having an outlet for outputting. The mixture of foam agent
and water is continuously supplied to the foaming cham-
ber at a first constant pressure and at a first constant
volume flow rate. Similarly, the compressed air is con-
tinuously supplied to the foaming chamber at a second
constant pressure and at a second constant volume flow
rate. Further, the pressure in the foaming chamber - that
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we will call hereafter foam mixing pressure - is regulated
for maintaining said foam pressure constant, regardless
of the possible lower pressure in the foam transporting
line(s) connected at the outlet of the foaming chamber.
The mentioned continuous production of foam and the
continuous supply of compressed air and of the mixture
of foam agent and water relates to the case in which the
CAFS in use, i.e. in particular when the foam-ejecting
device such as a nozzle arranged at the end of a pipe
connected to the outlet of the foaming chamber, is open.
One will understand that the mentioned pressure regu-
lation for maintaining the foam mixing pressure constant
in the foaming chamber does not necessarily involve that
the pressure is the same at any location through the
foaming chamber. Indeed, the different parts of the foam-
ing chamber may cause some pressure loss and as a
result the pressure may differ somewhat from one loca-
tion to another in the foaming chamber. It should be un-
derstood instead that as a consequence of the mentioned
pressure regulation, the pressure does not substantially
vary over time when considering a given location in the
foaming chamber.
[0021] As a consequence, compressed air and the
mixture of foam agent and water flow through the mixing
chamber with each having a constant volume flow rate
and a constant flow speed, independently notably of sub-
sequent variation of pressure that may occur in the pipe
(s) for transporting the foam from the foaming chamber
to foam-ejecting devices. As a result, foam is continu-
ously output by the foaming chamber with a constant
quality. Further, there is no need for balancing the pres-
sure and the volume flow rate of the compressed air and
the mixture of foam agent and water.
[0022] Fig. 1 shows a CAFS according to a preferred
embodiment of the invention. The CAFS comprises a
foaming chamber 5 supplied continuously with a mixture
of water and at least one foam agent via a pressure reg-
ulator 2 and a volume flow rate regulator 4. The foaming
agent may be of any type suitable for fire fighting. Foam-
ing chamber 5 is also supplied continuously with com-
pressed air via a pressure regulator 1 and a volume flow
rate regulator 3. Pressure regulators 1, 2 and volume
flow rate regulators 3, 4 are provided with a view of sup-
plying foaming chamber 5 with constant pressure and
volume flow rates of air and of the mixture of foam agent
and water, despite possible changes in the air source
and/or in the water source. Foaming chamber 5 mixes
the inputted compressed air and the mixture of foam
agent and water to produce foam. Foaming chamber 5
may be of any known type. Preferably, foaming chamber
5 is a static mixing chamber.
[0023] Water may be supplied from any suitable water
source (not represented) such as a fire pump, a hydrant
or a fixed water supply network in a building or a tunnel.
Compressed air may classically be supplied by a com-
pressor. Foaming agent is added continuously and ho-
mogeneously to water in an appropriate quantity by any
appropriate technique such as described for instance in

WO 2006/000177. The quantity of foaming agent added
to the water is usually less than 1% of the total volume
of the mixture of water and foam agent.
[0024] The outlet of foaming chamber 5 is connected
to a pipe 8 for transporting the foam. A foam-ejecting
device 9 such as a nozzle is connected at the end of pipe
8. Pipe 8 may be rigid or flexible according to the intended
use. A pressure-regulating arrangement 6, 7 is arranged
in pipe 8 at the outlet of foaming chamber 5. Pressure-
regulating arrangement 6, 7 is adapted to maintain a con-
stant pressure at the outlet of foaming chamber 5 and as
a result it maintains also the foam mixing pressure in
foaming chamber 5 constant. Thus, the foam mixing
pressure in foaming chamber 5 does not vary due to the
subsequent condition of pipe 8 and foam-ejecting device
9.
[0025] The foam pressure in foaming chamber 5 is
maintained at a pressure that is set lower to the pressure
of the mixture of foam agent and water and of the com-
pressed air at the outlets of pressure regulators 1 and 2.
[0026] Maintaining the foam mixing pressure constant
in foaming chamber 5 makes it possible to produce con-
tinuously foam with precisely controlled working param-
eters in the foaming chamber and that are stable over
time. As a result, foam can be continuously produced
with a constant quality. It has been found that this result
is achieved due to the fact that the volume flow rates of
air and of the mixture of foam agent and water that are
determined by volume flow rate regulators 3, 4 set to
given values are actually influenced by the difference of
pressure between the inlet and the outlet of the volume
flow rate regulators 3, 4. The fact of maintaining the foam
mixing pressure constant in foaming chamber 5 in com-
bination with pressure regulators 1, 2 causes the differ-
ences of pressure at the volume flow rate regulators 3,
4 to remain constant. As a consequence, the actual flow
rates of air and of the mixture of foam agent and water
supplied to foaming chamber 5 are constant too.
[0027] Pressure regulators 1, 2 may be pressure-lim-
iting valves, notably of the type available on the market.
Volume flow rate regulators 3, 4 may be volume flow rate
regulating valves, notably of the type available on the
market.
[0028] Further, pressure-regulating arrangement 6, 7
comprises a self-operating valve 6, notably such as avail-
able on the market. In this case, the degree of aperture
of the flow path through valve 6 is determined by the back
pressure of the foam in pipe 8 and foam-ejecting device
9 in conjunction with the target pressure of valve 6.
[0029] As a result, there is no need of pressure sensors
and controlling means such as a PLC or an electronic
circuit with a microcontroller for achieving a constant
foam pressure. In other words, a self-operating valve pro-
vides for a very simple and cheap implementation.
[0030] Self-operating valve 6 is preferably adjustable.
In other words, it is possible to selectively set self-oper-
ating valve 6 to a certain target pressure according to the
wished water-air ratio. And as a consequence, self-op-
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erating valve 6 regulates the foam mixing pressure in
foaming chamber 5 so as to equal the target pressure.
As a consequence, it is possible to change the foam mix-
ing pressure in foaming chamber 5 and thereby adjust
the flow speed.
[0031] In a preferred embodiment shown in Fig. 1, the
target pressure is provided pneumatically to self-operat-
ing valve 6. The target pressure may be provided via a
pressure control valve 7 connected to the compressed
air source used for supplying foaming chamber 5. Alter-
natively, the target pressure may applied to self-operat-
ing valve 6 hydraulically, electro-hydraulically, electro-
pneumatically. Self-operating valve 6 may also be de-
signed for setting the target pressure mechanically.
[0032] It is advantageous that self-operating valve 6
be a pinch valve (also called inner tube valve). Pinch
valves are known in the art. Typically, a pinch valve is a
straight through valve on which the valve element con-
sists of a flexible sleeve which is distorted to control the
flow of the fluid. In operation, the pinch valve does not
adversely affect the bubbles in the foam produced by
foaming chamber 5 even when the degree of aperture of
the valve varies e.g. as a consequence of varying con-
ditions in pipe 8 and foam ejecting-device 9. Indeed, the
pinch valve provides for a smooth - i.e. flexible - variation
of the cross section through the valve. Further, the fluid
path in the pinch valve is defined by smooth surfaces.
As a result, the bubbles can smoothly pass through the
valve without being adversely affected or destroyed as
it may occur for valves having sharp edges in the flow
path.
[0033] Pressure regulators 1, 2 and volume flow rate
regulators 3, 4 may be respectively omitted in the case
the air source and/or water source provide each the cor-
responding flow with the required pressure and volume
flow rate.
[0034] For providing a foam of good quality and made
homogeneously of tiny bubbles e.g. with an average
equivalent diameter in the range of 0.5 to 1 mm, the speed
of the mixture of foam agent and water flow in foaming
chamber 5 is preferably at least 0.3 m/s, but more pref-
erably at least 2 m/s. However, it is preferable that the
speed thereof is not more than 3 m/s. Similarly, the speed
of the compressed-air flow in foaming chamber 5 is pref-
erably at least 0.3 m/s, but more preferably at least 2
m/s. However, it is preferable that the speed thereof is
not more than 3 m/s either.
[0035] The mentioned speeds are not to be under-
stood as actual speeds, but correspond to so-called su-
perficial velocities that are calculated as follows:

wherein

Vair: speed of the compressed air flow in foaming
chamber 5, also called superficial velocity
of the air in foaming chamber 5;

VFRair: volume flow rate of the compressed air at
the inlet of foaming chamber 5;

Vwater: speed of the mixture of foam agent and wa-
ter in foaming chamber 5, also called su-
perficial velocity of this mixture in foaming
chamber 5;

VFRwater: volume flow rate of the mixture of foam
agent and water at the inlet of foaming
chamber 5

S: hydraulic cross section of mixing chamber
5.

[0036] One will understand that these superficial ve-
locities are calculated for one input flow as if the other
input flow was not supplied to foaming chamber 5.
[0037] It is also preferable that the relative air speed
ratio at the inlet of foaming chamber 5 is greater than
0.3, more preferably greater than or equal to 0.4. How-
ever, the relative air speed ratio is preferably not more
than 0.95, more preferably not more than 0.8 and further
more preferably not more than 0.75. The most preferred
value of the relative air speed ratio is 0.5.
[0038] This relative air speed ratio ’R’ is the ratio be-
tween the superficial velocity of the compressed-air and
the sum of the superficial velocity of the compressed-air
speed and the superficial velocity of the mixture of foam
agent and water, these superficial velocities being those
calculated above with formulae (1) and (2), i.e. R is cal-
culated as follows:

wherein Vair and Vwater are respectively those obtained
with formulae (1) and (2) mentioned above.
[0039] Although not wanting to be bind by any theory,
an explanation therefore might be that if the relative air
speed ratio has a value beyond these limits, slip effects
between the compressed air and the mixture of foam
agent and water occur at such an extent that they do not
mix correctly in foaming chamber 5 which as a result
does produce foam of poor quality or even does not pro-
duce any foam.
[0040] The mentioned conditions can be met by defin-
ing adequately the hydraulic cross section of foaming
chamber 5 in combination with the volume flow rates of
the compressed air and of the mixture of foam agent and
water at the inlet of foaming chamber 5 which are set by
means of volume flow rate regulators 3, 4 under given
settings of pressure regulators 1, 2 and pressure-regu-
lating arrangement 6, 7.
[0041] For a same hydraulic cross section of foaming
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chamber 5 and for a same volume flow rate of com-
pressed air supplied at the inlet of foaming chamber 5,
it is possible to produce foam different from the preferred
value of the relative air-speed ratio without the air speed
and the speed of the mixture of foam agent and water
getting out of the defined limits, by reducing the volume
water flow rate supplied to foaming chamber 5. Never-
theless, it is preferable not to diminish volume water flow
rate so as to reach a superficial velocity of the mixture of
water and foaming agent in foaming chamber 5 below
0.3 m/s as already mentioned. As a consequence, the
produced foam is more or less wet or dry according to
the setting. A suitable ratio of the volume flow rate of the
mixture of foam agent and water (considered at 10˚C)
with respect to the volume flow rate of air considered at
atmospheric pressure (considered at 0˚C) - called here-
after water air ratio - for extinguishing fire is 1:7. But this
ratio can be changed, preferably within the range from
1:5 up to 1:21 notably by means of the mentioned change
in settings. The CAFS may be designed to provide the
user the possibility to change this ratio selectively with a
control device, the CAFS changing accordingly the foam
pressure and the flow rate of the mixture of foam agent
and water flow by changing the setting of volume flow
rate regulator 4 and pressure-regulating arrangement 6,
7.
[0042] One will understand that the foam pressure at
the outlet of foaming chamber 5 is greater than the foam
pressure at the inlet of foam-ejecting device 9. That dif-
ference of pressure allows the foam to be transported
through pipe 8. This difference of pressure causes an
expansion of the foam in pipe 8. It has been found that
when the foam speed gets too high, the bubbles of the
foam get destroyed due to external and internal friction
as well as shearing forces. To prevent this detrimental
effect, it has been found that an optimal cross section of
pipe 8 can be selected in consideration of the volume
flow rate and the pressure at the end of pipe 8 (at foam-
ejecting device 9). In particular, it has been found that it
is preferable to choose the cross section of pipe 8 at least
equal or larger than the hydraulic cross section of foam-
ing chamber 5.
[0043] Fig. 2 illustrates an advantageous structure for
foaming chamber 5 which provides excellent foaming
performances. The foaming chamber has the form of a
conduit with inlet ports 10, 11 and an outlet port 12. The
cross section of foaming chamber 5 can be circular with
a given diameter d-MK like in a pipe. Alternatively, the
cross section may have a different shape such as a tri-
angle or any polygon. Foaming chamber 5 is designed
with a cross section so that the superficial velocities of
air and of the mixture of foam agent and water remain
within the limits mentioned above; see formulae (1) and
(2) above.
[0044] Inlet port 10 is designed for being connected to
a pipe for supplying foaming chamber 5 with the mixture
of foam agent and water or alternatively a mixture of foam
agent and another liquid. If used in the embodiment of

Fig. 1, inlet port 10 is connected to water volume flow
rate regulator 4. Inlet port 10 has preferably a cross sec-
tion identical to the one of foaming chamber 5.
[0045] Inlet port 11 is designed for being connected to
a pipe for supplying foaming chamber 5 with compressed
air or another suitable gas according to the intended use
of the foam. If used in the embodiment of Fig. 1, inlet port
11 is connected to air volume flow rate regulator 3. Inlet
port 11 extends into foaming chamber 5 with a nozzle
13. Nozzle 13 is preferably located centrally of the cross
section of foaming chamber 5.
[0046] Outlet port 12 is designed for being connected
to a pipe transporting foam to a foam-ejecting device. If
used in the embodiment of Fig. 1, outlet port 12 is con-
nected to pipe 8 just before pressure-regulating arrange-
ment 6, 7. Outlet port 12 has preferably the same cross
section as foaming chamber 5.
[0047] Foaming chamber 5 comprises a first sieve 14
extending through a whole cross section of foaming
chamber 5 at a distance a-D-S downstream of the outlet
holes of nozzle 13. It preferably comprises a second
sieve 15 extending through a whole cross section of
foaming chamber 5 at a distance a-S-S downstream of
first sieve 14. The distance a-S-S between sieves 14, 15
is preferably selected in the range of 10 up to 30 times
and more preferably in the range of 15 up to 25 times the
mesh size of sieves 14, 15 and more advantageously
equals 20 times the mesh size of sieves 14, 15, being
mentioned that the mesh size is the hydraulic homolo-
gous (equivalent) mesh diameter. In the case the mesh
size of sieve 15 is different from the mesh size of sieve
14, than the previous ranges of 10 up to 30 times and 15
up to 25 times as well as the advantageous value of 20
times are calculated with respect to the mesh size of the
first sieve in the direction of the fluid flow, i.e. the sieve
on the side of the inlet ports 10, 11 which is sieve 14 in
Fig. 1. Further, the mesh size to be considered is an
average mesh size in the case all the meshes of a sieve
have not the same size. Distance a-S-S is measured
between the border of the sieving section of the first sieve
and the border of the sieving section of the second sieve
- as shown in Fig. 2 - whatever the shape or length of
the longitudinal section of sieves 14, 15.
[0048] The distance a-D-S is preferably in a range of
zero up to the half of the (equivalent) hydraulic diameter
d-MK of conduit 5.
[0049] Sieves 13, 14 may have a different mesh or
hole size. But is advantageous for them to have the same
mesh or hole size. Indeed, tests have shown that when
using sieves with the same mesh or hole size, the gen-
erated foam bubbles after spreading out of nozzle 9 were
more homogeneous and the range of the bubble sizes
of the expanded foam smaller than when using sieves
with different sizes for the meshes or holes.
[0050] The meshes or holes of the sieves are defined
in consideration of the size of the foam bubbles to be
produced. In particular, it is preferable to select the hy-
draulic homologous (equivalent) mesh diameter smaller
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than the average equivalent diameter of the bubbles in
the expanded foam to be produced. By expanded foam,
it is to be understood the foam ejected at the foam-eject-
ing device 9. If the sieves have a different mesh size with
respect to each others, the mentioned preferred hydrau-
lic homologous (equivalent) mesh diameter applies pref-
erably to the last sieve according to the flowing direction,
i.e. to sieve 15 in the described embodiment. Generally,
it is advantageous to define the mesh size of the sieves
to obtain an average equivalent diameter for the bubbles
in the expanded foam in the range from 0.5 to 1 mm,
especially when used in fire-fighting applications. It was
determined that the preferred mesh size can be deter-
mined as follows:

in which:

- Dmesh : is the mesh size;
- d : is the hydraulic homologous diameter of the ex-

panded bubbles; and
- k : is a factor ranging from 2 to 11 depending on the

process parameters, especially the water-air ratio
and the mixing pressure in foaming chamber 5.

[0051] Thus, the mesh size of each of sieves 14, 15 is
preferably chosen within the range of 0.13 to 0.5 mm for
providing bubbles in the expanded foam in the range from
0.5 to 1 mm.
[0052] Sieves 13, 14 may have different cross section
shapes such as a form of a "hat", a pyramid, a spherical
segment, a cone or a truncated cone. However, it is pre-
ferred that the free cross section of each sieve13, 14 is
at least equal to the hydraulic cross section of the men-
tioned conduit forming the surrounding wall of foaming
chamber 5. This is because of the fact that the adjustment
of the flow rates is done according to the preferred ranges
of superficial velocities of the compressed air and of the
mixture of water and foam agent. Similarly, it is also
wished to set the "air speed ratio" within a certain range.
So far the free cross section of the sieves is not smaller
than the cross section of the conduit, it does not result
in a change of these parameters. Beside the pressure
loss of the stream through the sieves remains very small.
[0053] Different types of nozzles may be used for noz-
zle 13. Advantageously, nozzle 13 is designed with a
series of radial holes 16 for ejecting air into foaming
chamber 5 perpendicularly to the mixture of foam agent
and water stream with a view of providing a regular dis-
tribution of air within foaming chamber 5.
[0054] The invention has been described with refer-
ence to preferred embodiments. However, many varia-
tions are possible within the scope of the invention. It is
to be understood that the CAFS according to the inven-

tion can be use for other purposes than fire fighting. For
example, it may be used for decontamination of objects.
Of course, an appropriate foam agent is selected accord-
ing to the intended use. Although the fluids mentioned in
the described embodiment were air and water, the in-
vention is not limited to these fluids. Depending on the
intended use of the produced foam, air may be replaced
by another gas or a mixture of gases or alternatively, air
may be mixed with one or several other gases. Similarly,
water may be replaced by another liquid or a mixture of
several liquids or alternatively water may be mixed with
one or several other liquids. In such a case, the above
description made in relation to air and water applies mu-
tatis mutantis. In particular, the mentioned conditions on
superficial velocities Vair and Vwater and on relative air
speed ratio ’R’ apply mutatis mutandis.

Claims

1. Method for continuously producing compressed-gas
foam, preferably compressed-air foam, notably for
fire fighting or for decontamining, by supplying both
compressed gas, preferably compressed air, and a
mixture of liquid, preferably water, and at least a
foam agent to a foaming chamber (5) having an out-
let for outputting foam, comprising the steps of:

- continuously supplying the mixture of foam
agent and liquid to the foaming chamber at a
first constant pressure and at a first constant
volume flow rate;
- continuously supplying the compressed gas to
the foaming chamber at a second constant pres-
sure and at a second constant volume flow rate;
- regulating the foam pressure at the outlet of
the foaming chamber for maintaining the foam
mixing pressure in the foaming chamber
constant ; and characterised in that foam
pressure is regulated by using a self-operating
valve (6) connected to the outlet of the foaming
chamber.

2. Method according to claim 1, further comprising:

- regulating the foam pressure at the outlet of
the foaming chamber for maintaining the foam
mixing pressure in the foaming chamber at a
determined value.

3. Method according to claim 2, further comprising:

- providing the possibility to selectively adjust
said determined value.

4. Method according to any one of claims 1 to 3, where-
in the self-operating valve is a pinch valve.
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5. Method according to any one of claims 1 to 4, where-
in the self-operating valve is adapted to regulate the
foam pressure at the outlet of the foaming chamber
with respect to a target gas pressure applied to the
self-operating valve.

6. Method according to any one of claims 1 to 5, using
a pressure regulator (2) and a volume flow rate reg-
ulator (4) for continuously supplying the mixture of
foam agent and liquid to the foaming chamber at a
first constant pressure and at a first constant volume
flow rate.

7. Method according to any one of claims 1 to 6, using
a pressure regulator (1) and a volume flow rate reg-
ulator (3) for continuously supplying the compressed
gas to the foaming chamber at a second constant
pressure and at a second constant volume flow rate.

8. Method according to any one of claims 1 to 7, com-
prising the step of:

- setting the first volume flow rate for causing
the superficial velocity of the mixture of foam
agent and liquid in the foaming chamber to be
at least 0.3 m/s, and more preferably at least 2
m/s.

9. Method according to any one of claims 1 to 8, com-
prising the step of:

- setting the first volume flow rate for causing
the superficial velocity of the mixture of foam
agent and liquid in the mixing chamber to be not
more than 3 m/s.

10. Method according to any one of claims 1 to 9, com-
prising the step of:

- setting the second volume flow rate for causing
the superficial velocity of the compressed-gas
in the mixing chamber to be at least 0.3 m/s, and
more preferably at least 2 m/s.

11. Method according to any one of claims 1 to 10, com-
prising the step of:

- setting the second volume flow rate for causing
the superficial velocity of the compressed-gas
in the mixing chamber to be not more than 3 m/s.

12. Method according to any one of claims 1 to 11, com-
prising the step of:

- setting the first and the second volume flow
rates for providing in the mixing chamber a rel-
ative gas speed ratio greater than 0.3, more pref-
erably greater than or equal to 0.4, still more

preferably greater than or equal to 0.5, but not
more than 0.95, more preferably not more than
0.8 and more advantageously not more than
0.75,

wherein the relative gas speed ratio, noted R, is cal-
culated with the following formula:

wherein Vgas and Vliquid are calculated with the fol-
lowing formulae:

wherein:

VFRgas is the second constant volume flow rate,
VFRliquid is the first constant volume flow rate,
and
S is the hydraulic cross section of the foaming
chamber.

13. Method according to any one of claims 1 to 12, com-
prising the step of:

- connecting one end of a pipe (8) to the outlet
of the foaming chamber, the other end of the
pipe being connected to a foam-ejecting device
(9),

wherein the hydraulic cross section of the pipe is at
least equal or greater than the hydraulic cross sec-
tion of the foaming chamber.

14. A compressed gas foam system, preferably a com-
pressed air foam system, comprising:

- a foaming chamber (5) having:

o a first inlet port (11) for supplying com-
pressed gas, preferably compressed air, to
the foaming chamber,
o a second inlet port (10) for supplying a
mixture of liquid, preferably water, and at
least one foam agent to the foaming cham-
ber, and
o an outlet port (12) for outputting foam; and

- a pressure-regulating arrangement (6, 7) con-
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nected to the outlet port (12) for maintaining con-
stant the foam pressure at the outlet of the foam-
ing chamber, characterised in that the pres-
sure-regulating arrangement comprises a self-
operating valve (6).

15. The system according to claim 14, further comprising
a pressure regulator (2) and a volume flow rate reg-
ulator (4) for continuously supplying the mixture of
foam agent and liquid to the foaming chamber at a
first constant pressure and at a first constant volume
flow rate.

16. The system according to claim 14 or 15, further com-
prising a pressure regulator (1) and a volume flow
rate regulator (3) for continuously supplying the com-
pressed gas to the foaming chamber at a second
constant pressure and at a second constant volume
flow rate.

17. The system according to any one of claims 14 to 16,
wherein the self-operating valve (6) is a pinch valve.

18. The system according to any one of claims 14 to 17,
further comprising a pipe (8) connected to the outlet
of the foaming chamber, the other end of the pipe
being connected to a foam-ejecting device (9),
wherein the hydraulic cross section of the pipe is at
least equal or greater than the hydraulic cross sec-
tion of the foaming chamber.

19. The system according to any one of claims 14 to 18,
designed to implement the method according to any
one of claims 1 to 13.

Patentansprüche

1. Verfahren zum kontinuierlichen Erzeugen von
Druckgasschaum, vorzugsweise Druckluftschaum,
insbesondere zur Brandbekämpfung oder zum De-
kontaminieren, durch Zuführen von Druckgas, vor-
zugsweise Druckluft, und einer Mischung von Flüs-
sigkeit, vorzugsweise Wasser, und mindestens ei-
nem Schaummittel zu einer Schaumbildungskam-
mer (5), die einen Auslass zur Ausgabe von Schaum
hat, die folgenden Schritte umfassend:

- kontinuierliches Zuführen der Mischung aus
Schaummittel und Flüssigkeit zur Schaumbil-
dungskammer bei einem ersten konstanten
Druck und einem ersten konstanten Volumen-
strom;
- kontinuierliches Zuführen des Druckgases zur
Schaumbildungskammer bei einem zweiten
konstanten Druck und einem zweiten konstan-
ten Volumenstrom;
- Regulieren des Schaumdrucks am Auslass der

Schaumbildungskammer zum Konstanthalten
des Schaummischungsdrucks in der Schaum-
bildungskammer; und dadurch gekennzeich-
net, dass der Schaumdruck unter Verwendung
eines zwangsbetätigten Ventils (6) reguliert ist,
welches an den Auslass der Schaumbildungs-
kammer angeschlossen ist.

2. Verfahren nach Anspruch 1, ferner umfassend:

- Regulieren des Schaumdrucks am Auslass der
Schaumbildungskammer zum Aufrechterhalten
des Schaummischungsdrucks in der Schaum-
bildungskammer auf einem bestimmten Wert.

3. Verfahren nach Anspruch 2, ferner umfassend:

- Bereitstellen der Möglichkeit, den bestimmten
Wert selektiv einzustellen.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
das zwangsbetätigte Ventil ein Quetschventil ist.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei
das zwangsbetätigte Ventil dafür ausgelegt ist, den
Schaumdruck am Auslass der Schaumbildungs-
kammer gegenüber einem Zielgasdruck zu regulie-
ren, der auf das zwangsbetätigte Ventil angewendet
ist.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei
ein Druckregler (2) und ein Volumenstromregler (4)
zur kontinuierlichen Zufuhr der Mischung aus
Schaummittel und Flüssigkeit zur Schaumbildungs-
kammer bei einem ersten konstanten Druck und ei-
nem ersten konstanten Volumenstrom verwendet
ist.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei
ein Druckregler (1) und ein Volumenstromregler (3)
zur kontinuierlichen Zufuhr des Druckgases zur
Schaumbildungskammer bei einem zweiten kon-
stanten Druck und einem zweiten konstanten Volu-
menstrom verwendet ist.

8. Verfahren nach einem der Ansprüche 1 bis 7, den
folgenden Schritt umfassend:

- Einstellen des ersten Volumenstroms, um zu
bewirken, dass die Oberflächengeschwindig-
keit der Mischung aus Schaumbildungsmittel
und Flüssigkeit in der Schaumbildungskammer
mindestens 0,3 m/s und vorzüglich mindestens
2 m/s beträgt.

9. Verfahren nach einem der Ansprüche 1 bis 8, den
folgenden Schritt umfassend:
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- Einstellen des ersten Volumenstroms, um zu
bewirken, dass die Oberflächengeschwindig-
keit der Mischung aus Schaumbildungsmittel
und Flüssigkeit in der Mischkammer nicht mehr
als 3 m/s beträgt.

10. Verfahren nach einem der Ansprüche 1 bis 9, den
folgenden Schritt umfassend:

- Einstellen der zweiten Volumenstrom, um zu
bewirken, dass die Oberflächengeschwindig-
keit des Druckgases in der Schaumbildungs-
kammer mindestens 0,3 m/s und besser minde-
stens 2 m/s beträgt.

11. Verfahren nach einem der Ansprüche 1 bis 10, den
folgenden Schritt umfassend:

- Einstellen der zweiten Volumenstrom, um zu
bewirken, dass die Oberflächengeschwindig-
keit des Druckgases in der Mischkammer nicht
mehr als 3 m/s beträgt.

12. Verfahren nach einem der Ansprüche 1 bis 11, den
folgenden Schritt umfassend:

- Einstellen des ersten und zweiten Volumen-
stroms, um dafür zu sorgen, dass in der Misch-
kammer ein relatives Gasgeschwindigkeitsver-
hältnis von mehr als 0,3, besser größer oder
gleich 0,4, noch besser größer oder gleich 0,5,
aber nicht mehr als 0,95, besser nicht mehr als
0,8 und am besten nicht mehr als 0,75 besteht,

wobei das relative Gasgeschwindigkeitsverhältnis,
mit R bezeichnet, mit der folgenden Formel berech-
net ist:

wobei Vgas und Vliquid mit den folgenden Formeln
berechnet werden:

wobei:

VFRgas der zweite konstante Volumenstrom ist,
VFRliquid der erste konstante Volumenstrom ist,
und

S der hydraulische Querschnitt der Schaumbil-
dungskammer ist.

13. Verfahren nach einem der Ansprüche 1 bis 12, den
folgenden Schritt umfassend:

- Anschließen von einem Ende eines Rohres (8)
an den Auslass der Schaumbildungskammer,
wobei das andere Ende des Rohres an eine
Schaumausstoßvorrichtung (9) angeschlossen
ist,

wobei der hydraulische Querschnitt des Rohres grö-
ßer oder gleich dem hydraulischen Querschnitt der
Schaumbildungskammer ist.

14. Druckgasschaumsystem, vorzugsweise ein Druck-
luftschaumsystem, umfassend:

- eine Schaumbildungskammer (5), die folgen-
des hat:

s einen ersten Einlassport (11) zum Zufüh-
ren von Druckgas, vorzugsweise Druckluft,
zur Schaumbildungskammer,
s einen zweiten Einlassport (10) zum Zu-
führen einer Mischung von Flüssigkeit, vor-
zugsweise Wasser, und mindestens einem
Schaummittel zur Schaumbildungskam-
mer, und
s einen Auslassport (12) zum Ausgeben
des Schaums; und

- eine Druckregelungsanordnung (6, 7), die mit
dem Auslassport (12) zum Konstanthalten des
Schaumdrucks am Auslass der Schaumbil-
dungskammer verbunden ist, dadurch ge-
kennzeichnet, dass die Druckregelungsanord-
nung ein zwangsbetätigtes Ventil (6) umfasst.

15. System nach Anspruch 14, das ferner einen Druck-
regler (2) und einen Volumenstromregler (4) zur kon-
tinuierlichen Zufuhr der Mischung aus Schaummittel
und Flüssigkeit zur Schaumbildungskammer bei ei-
nem ersten konstanten Druck und einem ersten kon-
stanten Volumenstrom umfasst.

16. System nach Anspruch 14 oder 15, das ferner einen
Druckregler (1) und einen Volumenstromregler (3)
zur kontinuierlichen Zufuhr des Druckgases zur
Schaumbildungskammer bei einem zweiten kon-
stanten Druck und einem zweiten konstanten Volu-
menstrom umfasst.

17. System nach einem der Ansprüche 14 bis 16, wobei
das zwangsbetätigte Ventil (6) ein Quetschventil ist.

18. System nach einem der Ansprüche 14 bis 17, das
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ferner ein Rohr (8) umfasst, welches an den Auslass
der Schaumbildungskammer angeschlossen ist,
wobei das andere Ende des Rohres an eine
Schaumausstoßvorrichtung (9) angeschlossen ist,
wobei der hydraulische Querschnitt des Rohres grö-
ßer oder gleich dem hydraulischen Querschnitt der
Schaumbildungskammer ist.

19. System nach einem der Ansprüche 14 bis 18, das
zum Umsetzen des Verfahrens nach einem der An-
sprüche 1 bis 13 ausgelegt ist.

Revendications

1. Procédé pour produire en continu de la mousse à
gaz comprimé, de préférence de la mousse à air
comprimé, en particulier pour la lutte contre les in-
cendies ou pour la décontamination, en alimentant
à la fois en gaz comprimé, de préférence de l’air
comprimé, et un mélange de liquide, de préférence
de l’eau, et en au moins un agent moussant une
chambre de moussage (5) ayant une sortie pour ex-
traire la mousse, comprenant les étapes consistant
à :

- alimenter en continu la chambre de moussage
avec le mélange d’agent moussant et de liquide
à une première pression constante et à un pre-
mier débit volumique constant ;
- alimenter en continu la chambre de moussage
avec le gaz comprimé à une seconde pression
constante et à un second débit volumique
constant ;
- réguler la pression de la mousse à la sortie de
la chambre de moussage pour maintenir la pres-
sion de mélange de la mousse dans la chambre
de moussage, constante ; et caractérisé en ce
que la pression de la mousse est régulée en
utilisant une valve à fonctionnement autonome
(6) raccordée à la sortie de la chambre de mous-
sage.

2. Procédé selon la revendication 1, comprenant en
outre l’étape consistant à :

- réguler la pression de la mousse à la sortie de
la chambre de moussage pour maintenir la pres-
sion du mélange de mousse dans la chambre
de moussage à une valeur prédéterminée.

3. Procédé selon la revendication 2, comprenant en
outre l’étape consistant à :

- fournir la possibilité d’ajuster sélectivement la-
dite valeur déterminée.

4. Procédé selon l’une quelconque des revendications

1 à 3, dans lequel la valve à fonctionnement auto-
nome est un robinet à manchon déformable.

5. Procédé selon l’une quelconque des revendications
1 à 4, dans lequel la valve à fonctionnement auto-
nome est adaptée pour réguler la pression de la
mousse à la sortie de la chambre de moussage par
rapport à une pression de gaz cible appliquée à la
valve à fonctionnement autonome.

6. Procédé selon l’une quelconque des revendications
1 à 5, utilisant un régulateur de pression (2) et un
régulateur de débit volumique (4) pour alimenter en
continu la chambre de moussage avec le mélange
d’agent moussant et de liquide à une première pres-
sion constante et à un premier débit volumique cons-
tant.

7. Procédé selon l’une quelconque des revendications
1 à 6, utilisant un régulateur de pression (1) et un
régulateur de débit volumique (3) pour alimenter en
continu la chambre de moussage avec le gaz com-
primé à une seconde pression constante et à un se-
cond débit volumique constant.

8. Procédé selon l’une quelconque des revendications
1 à 7, comprenant l’étape consistant à :

- régler le premier débit volumique pour amener
la vitesse superficielle du mélange d’agent
moussant et de liquide dans la chambre de
moussage à être d’au moins 0,3 m/s et encore
de préférence d’au moins 2 m/s.

9. Procédé selon l’une quelconque des revendications
1 à 8, comprenant l’étape consistant à :

- régler le premier débit volumique pour amener
la vitesse superficielle du mélange d’agent
moussant et de liquide dans la chambre de mé-
lange à ne pas être supérieure à 3 m/s.

10. Procédé selon l’une quelconque des revendications
1 à 9, comprenant l’étape consistant à :

- régler le second débit volumique pour amener
la pression superficielle du gaz comprimé dans
la chambre de mélange à être d’au moins 0,3
m/s et encore de préférence d’au moins 2 m/s.

11. Procédé selon l’une quelconque des revendications
1 à 10, comprenant l’étape consistant à :

- régler le second débit volumique pour amener
la pression superficielle du gaz comprimé dans
la chambre de mélange à ne pas être supérieure
à 3 m/s.
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12. Procédé selon l’une quelconque des revendications
1 à 11, comprenant l’étape consistant à :

- régler les premier et second débits volumiques
pour fournir dans la chambre de mélange, un
rapport de vitesse de gaz relative supérieur à
0,3, plus préférentiellement supérieur ou égal à
0,4, encore plus préférentiellement supérieur ou
égal à 0,5, mais non supérieur à 0,95, plus pré-
férentiellement non supérieur à 0,8 et de maniè-
re plus avantageuse non supérieur à 0,75,

dans lequel le rapport de vitesse de gaz relative,
indiqué par R, est calculé avec la formule suivante :

dans lequel Vgas et Vliquid sont calculés avec les for-
mules suivantes :

dans lequel :

VFRgas est le second débit volumique constant,
VFRliquide est le premier débit volumique cons-
tant, et
S est la section transversale hydraulique de la
chambre de moussage.

13. Procédé selon l’une quelconque des revendications
1 à 12, comprenant les étapes consistant à :

- raccorder une extrémité d’un tuyau (8) à la sor-
tie de la chambre de moussage, l’autre extrémi-
té du tuyau étant raccordée à un dispositif
d’éjection de mousse (9),

dans lequel la section transversale hydraulique du
tuyau est au moins égale ou supérieure à la section
transversale hydraulique de la chambre de moussa-
ge.

14. Système de mousse à gaz comprimé, de préférence
un système de mousse à air comprimé,
comprenant :

- une chambre de moussage (5) ayant :

o un premier orifice d’entrée (11) pour ali-

menter la chambre de moussage avec du
gaz comprimé, de préférence de l’air com-
primé,
o un second orifice d’entrée (10) pour ali-
menter la chambre de moussage avec un
mélange de liquide, de préférence de l’eau,
et d’au moins un agent moussant, et
o un orifice de sortie (12) pour extraire la
mousse ; et

- un agencement de régulation de pression (6,
7) raccordé à l’orifice de sortie (12) pour main-
tenir la pression de la mousse constante à la
sortie de la chambre de moussage, caractérisé
en ce que l’agencement de régulation de pres-
sion comprend une valve à fonctionnement
autonome (6).

15. Système selon la revendication 14, comprenant en
outre un régulateur de pression (2) et un régulateur
de débit volumique (4) pour alimenter en continu la
chambre de moussage avec le mélange d’agent
moussant et de liquide à une première pression
constante et à un premier débit volumique constant.

16. Système selon la revendication 14 ou 15, compre-
nant en outre un régulateur de pression (1) et un
régulateur de débit volumique (3) pour alimenter en
continu la chambre de moussage avec le gaz com-
primé à une seconde pression constante et à un se-
cond débit volumique constant.

17. Système selon l’une quelconque des revendications
14 à 16, dans lequel la valve à fonctionnement auto-
nome (6) est un robinet à manchon déformable.

18. Système selon l’une quelconque des revendications
14 à 17, comprenant en outre un tuyau (8) raccordé
à la sortie de la chambre de moussage, l’autre ex-
trémité du tuyau étant raccordée à un dispositif
d’éjection de mousse (9), dans lequel la section
transversale hydraulique du tuyau est au moins éga-
le ou supérieure à la section transversale hydrauli-
que de la chambre de moussage.

19. Système selon l’une quelconque des revendications
14 à 18, conçu pour mettre en oeuvre le procédé
selon l’une quelconque des revendications 1 à 13.
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